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Introduction
The past twenty years have witnessed a dramatic increase in both the number of inventions for which protection has been sought from patent offices around the world and in the average size of patent applications. This joint evolution of the number and size of patent applications raises serious concerns about the ability of the patent system to master the workload that it imposes on patent offices, in particular with respect to the efficiency and timeliness of search and examination procedures.
Although the phenomenon has become particularly pronounced in the last decade, the issue of patent complexity and voluminosity is far from being of recent concern.
1 For instance, in 1933 the US Patent and Trademark Office Society was seeking advice on recommendations to eliminate the multiplicity of claims and on a fee schedule dependent on the number of claims (Smith, 2003) .
About three decades later, in 1965, the problem of complexity was reported to have such a major influence on the delay in processing patent applications that it was proposed again, in addition to hiring more examiners and introducing mechanised searching and procedural modifications, to increase filing and renewal fees (Duncan, 1965) .
In recent years, the growth in patent voluminosity became so extreme that the term "megaapplications" was coined, often in relation to applications filed together with biological sequence listings. In one such case, the EPO received an application (EP20000301439) with 283 priorities, 80,259 sequences and an estimated 50,000 pages. Including all priority patents, the case totalled around 600,000 pages. In the US, the application US20050182468 was originally filed with 13,305
claims, for which a small-entity fee of 1,249,075 US$ was initially requested by the USPTO.
The paper is organised as follows: section 2 discusses the measurement issues and scrutinizes the candidates for voluminosity indicators, section 3 investigates potential explanatory factors, section 4 elaborates on the social cost of patent voluminosity and section 5 concludes.
The main results are that the voluminosity of patent applications at the EPO can be measured with the number of claims and pages of applications, that these indicators have doubled over the past 20 years, and that this phenomenon is mainly associated with applications that have been filed via the PCT route, with a US priority filing, in the biotech sector and/or with a large number of inventors.
Measurement issues
Volume as an overall concept can have different facets and be measured in different units, especially when it is applied to documents such as patent applications. Table 1 summarizes the main potential measures with their advantages and disadvantages. The most intuitive measure of the voluminosity of a document is probably its number of pages. It has the great advantage of quantifying the amount of workload and processing cost incurred by the granting authority to examine the application. It may also inform on the extent of the disclosure provided by the applicant on the invention. *** Insert table 1 about here *** As patent publications are drawn up according to a standardised structure, the total number of pages can further be divided into the number of pages of each of the different parts it is made of, hence
providing a more precise indication: the bibliographic section provides information on the patent such as its serial number, the date of filing, the date of publication, the designation of any claimed -5 -priority applications, data on the inventors and applicants, etc. It is followed by a description of the invention and then by the claims section. The claims specify in detail the "components", or building blocks of the patented invention, and hence their number may be indicative of the "scope" or "width" of the invention (Hall et al., 2001) . The description and claims may be complemented by various illustrations (e.g. drawings, figures, sequences, flow diagrams) grouped together in the "drawing" section. Considering the number of pages in each successive section of a patent document may present several advantages. When looking at the size of incoming applications, this allows for the possibility of disregarding from the overall voluminosity the pages of the bibliographic and search sections, which are actually added or modified by the office after the search process. What is more, it provides a finer measure, which would enable to identify whether large applications are actually due to longer descriptions, longer claims, or just numerous illustrations.
Since all EPO patent documents are available in an electronic format, the size of the digital publication -expressed in kilobytes -makes yet another potential measure of the size of a document. As it appears in table 2, one may obviously expect such a measure to be strongly correlated with the number of pages the document is made of.
Since pages and kilobytes depend on both the substance and the form of a document, one should rather look at potential content-based measures. The core section of a patent is made of the claims, which define the legal scope of the invention for which protection is being sought. Therefore, the number of claims in itself may provide a much more neutral measure of patents voluminosity. Much has been written on the meaning and interpretation of the number of claims (see for instance Tong and Frame (1994), Lanjouw and Shankerman (1999) and Scotchmer (2004) ), but there is still no clear-cut interpretation of the relationship between the number of claims and the scope or breadth of protection.
-6 -Another format-independent measure could be made of the number of words in a publication, or in each of its sections. Similarly, the number of illustrations in the drawing section might be more revealing than the number of pages of this section. Such measures could indeed provide a relatively unbiased indication on the richness of the content of a document, but drawings may be very diverse in complexity and nature and words are obviously language-dependent. What is more, none of these indicators are available as such for all patent filings at EPO.
There is probably no such thing as one single helpful definition of a patent document's voluminosity, and it all depends on what one is willing to analyse. While the number of claims can
give an idea about the scope or breadth of a patent, the number of words or pages may rather reveal the level of the disclosure or the level of complexity of an invention for which protection is being sought or on the workload that the processing of an application may impose on the examiner. As expected, these different measures are quite well correlated as illustrated in table 2, especially between page-related counts but also between page and claim counts. *** Insert Table 2 about here *** There are, however, some limits to the unbiasedness of every potential indicator described here above. Measures consisting in or based upon the number of pages are inherently dependent on the format (paper format, margins, line and paragraph spacing, font size, hyphenation, etc.) as well as on the language of the document. As long as the format of patent applications is left to the choice of the applicant or his representative, one may expect to have a very wide variety of formats, making such measures highly unpredictable. At the EPO, one may distinguish between original facsimile formats and official EPO-formatted documents. Indeed, since the very beginning of its activities, the European Patent Office has always published granted patents in a specific, very compact, format referred to as "type-set format", with standardized fonts and uniform page layouts. 5 Hence, the number of pages in published granted patents, always expressed in terms of the homogenously reformatted document, can be expected to be quite uniform. One major drawback of this format for granted patents publications only is however that the claims -as required by the European Patent Convention (EPC) -are always provided into the three official EPO languages (English, French and German) . Therefore, the number of pages of the claims section is always about three times larger than it should really be.
Contrarily to grants, incoming applications, published generally 18 months after the priority date, have only been harmonized from the mid-eighties and for non-PCT applications exclusively.
Therefore, one may look either at the number of pages in the original, highly heterogeneous, facsimile documents or at the number of pages in EPO-reformatted publications. The former are preceding the progressive implementation of this standard format and are not available for PCT applications.
As far as the detailed numbers of pages making up the different sections are concerned, the available data provides less straightforward indications. As it contains the numbers corresponding to the starting page of each section, the difficulty lays in the continuity of the documents (each section starting on the same page where the previous one ends) and in the optional nature and order of some sections. 6 Indeed, generally speaking the only mandatory sections in any patent publication are the bibliographic data, the description, and the claims. 7 The search report -preceding or following the application itself -and the drawing sections are not always present and some amendments may sometimes be inserted anywhere within the application. Determining the exact number of pages of each section is indeed not a straightforward or clear-cut exercise. An example is provided in table A3 in the appendix. It shows that the length of each section may vary widely from one technological area or country of residence of applicants to the other. It also shows that the description section totals the largest share of the documents' size. 6 The burden to the computation of sectional pages is due to the starting of each section as a continuation of the previous one, hence on the same page where the previous section ended. As an example, if the specification starts on page 2 and the claims start on page 5 and end on page 7, should page number 5 be computed as part of the claims or of the specification section? As a matter of fact, the specification may end and the claims may start anywhere on page 5.
Hence the best option is to make the assumption that the place on a page where one section ends and the next one starts is a random process and that it should be even all over the page. Therefore, it should be safe to cut page 5 into two parts and grant half a page to both sections, thus resulting in 3.5 pages for the description and 2.5 pages for the claims. 7 The claims define the scope of protection of a granted patent, and thus are subject of a detailed scrutiny in the process of substantive examination. Therefore, they are mandatory in each stage of the patenting process. However, in certain jurisdictions, such as in the US and UK, it is allowed to file a patent application with no claims at all; claims would then be introduced during the examination phase. Such notice is known as a continuous application (see Quillen et al., 2002) .
In addition to these layout and formatting issues, measures made of a number of pages as well as of a number of words are highly dependent on the language used in the application. It is well known for instance that for the same document translated into different languages there are more words in Latin than in Germanic languages but that words are longer in the latter. 8 One should therefore consider this potential language bias when relying on the number of pages or words in a document.
Nevertheless, for institutional reasons, applications must be filed at the EPO in any of the three official languages (English, French or German), which is the case for about 90% of EPO applications and hence confines this issue to a certain extent.
9
The number of claims is in fact no perfect indicator either. There are independent and dependent claims and there are different types of independent claims (product, process, apparatus or use). A more accurate measure of the number of claims should hence provide separate counts of the number of dependent claims and the number of independent claims of each type, although this information is unfortunately not available. Moreover, patent drafting styles may be strongly influenced by national or regional systems, cultures and modes. The practice of using dependent claims as fallback positions is not evenly spread around the world and the level of details in the specification may depend on the inventor's expectation about the potential behaviour of a court in case of litigation, not to mention important country to country differences in patent drafting practices. Even before investigating all these potential drawbacks with voluminosity measures, a choice has to be made in terms of the document type one is looking at: applications are more appropriate to the investigation of workload issues and grants should be preferred when looking at patent quality or legal validity. Once this choice has been made, one may also have to deal with the existence of several publications for one single application or grant. This may be due to various factors occurring during the granting process, e.g. an amendment filed after the initial publication of an application may provoke a new document to be published, oppositions and appeals after grant may also require a new version of the granted patent to be printed. counts at grant necessarily referring to harmonized type-set format publications whereas page counts at filing are provided in facsimile format for PCT applications. Section 3 will investigate some patterns and explanatory factors in this evolution. Figure 2 shows a striking decline in the rate of grant according to the year of filing. This is naturally due to the inherent delays in the granting process, so that the more recent the application, the less likely it is to be yet granted, withdrawn or refused. Section 4 will investigate the potential impact of the voluminosity on the delays in the granting process.
Explanatory factors
This section investigates the potential role of various factors on the voluminosity of applications.
These factors include claim-based fees, filing routes, geographical origins and technological specificities. is shown in figure 4 . It clearly shows the importance of the tail of the distribution towards large applications, but contrarily to the claims, no price elasticity is visible as such. 
Fees

Filing routes
A patent application can follow different routes before it gets filed at the EPO. It may be filed directly at the EPO as a priority or after a national priority application had been filed in one specific country and possibly transferred to WIPO under the PCT option. This leaves three possible routes: a national priority filing subsequently transferred to the EPO, a first filing at the EPO and an application with a national or regional priority transferred to the EPO through the PCT process. It is important to note the strong increase of PCT applications among EPO filings, from 15% in 1985 to 50% in 2000.
*** Insert figure 5 about here ***
The dependence of pages counts on filing routes (i.e. PCT versus Euro-Direct applications) due to the formatting issues evoked above has already been underlined. Nevertheless, granted patents -13 At the EPO there is a surcharge for excess pages (calculated on the facsimile version) at the time of publication of the grant only, whereas in the PCT procedure excess page fees are to be paid at the time of filing.
although sharing a common standardized format no matter the filing route -are on average larger for PCT (15.7 pages) than non-PCT (13.4 pages) applications. Further to this effect on pages, the average number of claims in incoming applications as well as granted patents is higher for PCT than non-PCT filings, as shown in Figure 5 . This suggests that the PCT route is correlated with the increasing voluminosity of applications at the EPO. Nevertheless, non-regional Euro-PCT filings - because it is only once they are transferred that EPO fees for excess claims have to be paid and that a translated version of the application has to be provided. It is hence likely that many PCT applications either never get transferred to the EPO in practice or are somewhat adapted -and supposedly reduced -prior to being effectively transferred.
More than 95% of EPO applications were actually filed after an initial national priority had been applied for. 14 In some cases, the national priority which is claimed for an EPO filing is not unique.
Sometimes because the priority application had already been transferred to other national or regional offices, sometimes because the application filed at the EPO is in fact a combination of several national priorities merged together. The average number of priorities per application has very slightly increased over the past 20 years and is just above 1. As shown by Dernis et al. (2001) applications filed by Japanese firms tend to be composed of several Japanese priority filings merged together to form a single US or European application. *** Insert figure 6 about here *** 14 According to the Paris Convention, for a valid priority claim, subsequent applications must be filed within 12 months from the initial application date. Figure 6 further depicts that the number of claims and especially of pages is driven by the number of priorities claimed. This apparent linear relationship suggests that the fact of merging different national priorities leads to larger filings than single ones.
Geographical origin
The country of residence of the applicants (the assignees in the American terminology) and the country of priority of their application may influence the drafting style hence the size of patent filings. In fact, for 99% of EPO applications, the country of priority corresponds to the country of at least one of the applicants (in 85% of the cases, it is even the country of the first applicant listed), which confirms that applicants usually file their first priority in their home country.
Similarly, the language of filing is strongly related to the country of the applicant. For more than 90% of all EPO applications, the language of filing corresponds to one of the three official EPO (from 2% to 8%), Belgium (from 45% to 72%), Switzerland (from 14% to 38%), Sweden (from 60% to 72%) or even Germany (from 3% to 8%) and France (from 3% to 16%). The only notable exception in this respect is Japan (from 90% to 61% of EPO filings in English). This increasing success of English as language of filing is closely associated with the PCT process.
*** Insert figure 7 about here *** Similarly, the number of inventors having contributed to the invention may also be seen as an indicator of the complexity of the new product or process, as more brains, skills and time have been necessary to its realization (see Guellec and van Pottelsberghe, 2000) . This number has in fact increased by 25% over the past two decades, from about 2 inventors on average in 1980 to over 2.5 in 2004. 16 Since applications may be associated to several IPC classes and since some IPC classes are split between different Joint Clusters, several applications may be associated with more than one Joint Cluster.
The social cost of patent voluminosity
The main consequence of the increased voluminosity of patent applications may be analysed through its social and procedural cost, in terms for instance of its impact on the granting process, on delays and backlogs, or on the quality and legal certainty in the patent system (see Lemley, 2000) .
The time to grant is a very critical issue, not only for many patentees, but also for the society at large. Many users of the patent system regularly complain about delays in getting their or others' patents granted. Figure 2 illustrates the increasing backlog accumulated at the EPO, and similarly at other patent offices around the world. The length of the granting process, defined in terms of the number of months between the application date at the EPO and the date of the grant or no-grant decision, has been increasing over time, from 36 months in the early eighties to about 57 months in recent years.
In this respect, the question that can be raised is whether there is an influence of patent voluminosity on these delays? Do larger applications require more time for being granted? The statistical evidence depicted in Figure 11 -20 -*** Insert figure 11 about here *** These results suggest at first sight that the EPO processes smaller applications much faster than larger ones. This is in line with intuition and common sense but it also reinforces the idea that larger applications monopolize and consume more resources from patent offices for their processing and hence contribute to the increase in granting delays and backlogs. On top of this procedural cost, patent voluminosity also has an important financial cost for patent systems, at least in terms of handling, printing and shipping the documents themselves, together with the cited prior art, both to the applicant and -in case of an application following the PCT route -to the WIPO, as well as in terms of translation when they are finally granted and become validated as national patents. Since it has indeed been observed by van Pottelsberghe and François (2006) that translation costs represent an important part of the total cost of a European patent, it is to be expected that such costs will increase in absolute terms for longer texts to be translated. Furthermore, long and numerous claims supported by an overly extensive description often makes it difficult to exactly evaluate the patentability requirements and, if granted, the exact scope of protection. According to the Japanese Patent Office (2005), there are risks of technology leakage when applications are disclosed without being protected by patent rights, which imposes a careful management of all patent applications, in particular to avoid such thoughtless applications.
In 1998, Dack and Cohen (2001) were asked to produce a report for the EPO on the growth observed at that time in so-called complex patent applications, in particular with reference to the number of claims and various problems relating to the presentation of the subject matter within claims. The authors proposed a number of possible measures to be taken, including a strict approach to the examination of clarity and conciseness, declarations of a partial search or a refusal to search, the introduction of a claims-based fee for applications filed under the PCT, a statutory limitation to the overall number of claims and the possibility to allow for amendments before search.
Since then, one important step has been taken by the EPO, when Rule 29(2) of the EPC was introduced in amended form with effect from January 2002 with the intention to induce applicants to file fewer independent claims within the same category. On top of these requirements, in the European procedure some fees are related to the number of claims of a patent when filed, and to the number of pages when granted. While the amounts to be paid already have a discouraging intention towards large documents, they may not be sufficient, and as these lines are written, the EPO has made it clear that it may need to review its fees policy to proactively react to the steady increase in size of patent documents (Pompidou, 2005) . To the contrary, there have also been several important effects of changes in US substantive patent law, one being the FESTO decision, which to many observers is a cause for tremendous increases in the number of claims due to the need to incorporate every possible angle in the patent application at the time of filing. 18 According to Miller (2002) and Israelsen et al. (2002) , this case may also have had an impact on the extent of disclosure, hence on the number of pages. *** Insert figure 14 about here *** 17 Furthermore, as applications containing a large number of claims are difficult to process and examine properly and require excessive patent examining resources, the USPTO is further proposing changes to its practice of examination of claims so that an initial examination would be performed solely on the representative claims (i.e. all the independent claims and the dependent ones expressly designated by the applicant for initial examination). If the total number of representative claims is greater than ten, then the applicant will be required by the USPTO to share the burden of examining the application by submitting an examination support document covering all representative claims. It is worth noting that it is estimated that only 1.2% of all non-provisional applications filed at the USPTO in the first ten 
Concluding remarks
Patent voluminosity has become a real issue for patent offices around the world and for the EPO in particular. The objective of this paper was to investigate possible measures of this phenomenon as well as its main potential drivers and broad impact on the patent system.
The most appropriate indicators of voluminosity seem to be the number of claims and the number of pages in patent applications. Both figures have experienced a dramatic increase over the past 2 decades, allowing a quantification of this evolution, and although these two indicators may diverge in their determinants, they seem to converge in their consequences.
The broad descriptive analysis of these indicators has revealed a wide range of potential drivers, from the fee structure to the complexity of inventions. Apparently driven by specific national systems (especially the American one) and industrial sectors (e.g. biotech and computers), and diffused thanks to the internationalization of patenting procedures and markets (e.g., the PCT route), this increase may be a common result of the increasing complexity of technologies and inventions and of the evolution of international patent law. More generally, it appears that any voluminosity indicator may be influenced by the geographical origin and the technological area of the patent. 19 The USPTO patent fee schedule effective December 8, 2004 charges 200 USD per independent claims in excess of three, 50 USD for dependent claims in excess of twenty and an additional 360 USD fee in case of multiple dependent claims, cf. http://www.uspto.gov/web/offices/ac/qs/ope/fee2004dec08.htm.
No matter its roots, not only does the surge in the size of incoming applications very rapidly increase the workload of patent offices, which if not mastered will inevitably lead to increasing backlogs and delays in grants, but it also raises very important quality issues. Indeed, one may for instance question whether patent examiners, who are on average supposed to treat each application in the same amount of time, can reasonably provide the same quality in their examination on very small and on very large applications.
Yet another open question is whether disruptive strategies -such as creating uncertainty by polluting the technological field or circumventing the disclosure requirement by hiding major inventions -are a factor behind this escalation in voluminosity, or whether the increase in the number of claims actually reveals a better and more systematic use of fallback positions in patent drafting and the number of pages a more thorough disclosure of inventions for which protection is being sought.
-25 - All coefficients are significant at a 5% probability threshold -33 - 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
APPENDIXES
